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(54) METALLOCENE CATALYST AND PRODUCTION OF POLYOLEFIN 

C57)Abstract: 

PROBLEM TO BE SOLVED: To polymerize an olefin without using an arom. hydrocarbon and without being 

jcompanied by fouling, by combining a metallocene compd. solubilized by the contact with an 
organometallic compd. in an aliph. hydrocarbon with a cocatalyst carried by a fine particulate carrier. 
SOLUTION: The aliph. hydrocarbon may be alicyclic. Examples of the organometallic compd. are 
organoaluminum (except aluminoxanes). organolithium, organozinc, and organomagnesium compds. An 
example of the metallocene compd. is bis(r|5-cyclopentadienyl)zirconium dichloride. The ami of the 
organometallic compd. mixed with the metallocene compd. is 10-800 times that of the transition metal 
atom of the metallocene compd. The cocatalyst, e.g. methylaluminoxane. is carried by a fine paticulate 
carrier such as silica or alumina. 
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handling of relative bul^lnsity, and a polymer adheres to the ^^ainer wall of a reactor 
further occurs etc. 

[0007] As an attempt which solves this, many approaches of supporting co-catalysts, such as a 
metallocene compound and aluminoxane, on particle support are proposed. Although these are 
indicated by JP,61-108610,A, a 61-296008 official report, said 63 -280703 official report, a 63- 
22804 official report, a 63-51405 official report, a 63-51407 official report, a 63-55403 official 
report, a 63-61010 official report, a 63-248803 official report, JP,4-100808,A, a 3-74412 
official report, a 3-709 official report, said 4 -7306 official report, JP,5-239138,A, JP,5- 
247 128, A, JP,7-10917,A, etc., It is difficult not to fully solve the problem of fouling but to 
apply these techniques to industrial production. 

[0008] The catalyst to which the sum total of the carbon number of the alkyl group permuted by 
one cyclopentadienyl frame becomes JP,5-339315,A from the metallocene compound which is 
three or more, and which has a cyclopentadienyl group, and aluminoxane is used, and solution 
polymerization or the polymerization method which carries out a suspension polymerization is 
indicated in the olefin under existence of aliphatic hydrocarbon. Although it is possible to carry 
out the polymerization of the olefin, without using aromatic hydrocarbon by this approach, it is 
the need of using a special metallocene compound with much substituent. Since such a 

etallocene compound has much substituent, easily [ manufacture ] generally its 
polymerization activity is low. 

[0009] The metallocene solution similar to this invention is indicated by JP,7-2918,A, and the 
method of making aliphatic hydrocarbon solubilize a poorly soluble metallocene compound is 
suggested to it. The dialkyl complex of a metallocene is used in this official report, and 
although such a dialkyl complex of a metallocene is obtained by the reaction of the metallocene 
compound (a) and alkyl lithium which also use this invention, it needs to pass through two or 
more processes from a metallocene compound (a), and will become very expensive. 
[0010] Still such a dialkyl complex of a metallocene is unstable to especially air and moisture, 
and is not industrially easy to isolate this and to deal with it. Moreover, the thought of using the 
indispensable aliphatic hydrocarbon solution of a metallocene compound for this official report 
in this invention is not indicated at all. That is, even if it uses the aromatic hydrocarbon solution 
of the metallocene compound in this official report with the co-catalyst supported on particle 
support, such as JP,61-108610,A, and manufactures polyolefine, it is difficult to control a 
fouling phenomenon. 

^01 1] Moreover, the metallocene solution similar to this invention is indicated by JP,8- 
2457 14,A, and saving the catalyst which consists of a metallocene compound and aluminoxane 
by the medium containing the aliphatic hydrocarbon of 70 capacity % is indicated. However, 
the thought of using aromatic hydrocarbon, such as toluene, also here and using the 
indispensable aliphatic hydrocarbon solution of a metallocene compound in this invention is not 
indicated at all. Since the aluminoxane which is a co-catalyst component contains in the 
solution given [ this ] in an official report especially, even if it manufactures polyolefine by this 
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control of fouling but also a polymer by the shape of a particle. 
rnoi?i 

L J 

[Problem(s) to be Solved by the Invention] Therefore, without using aromatic hydrocarbon, a 
polymerization is possible for the technical problem of this invention, and it is to offer the 
manufacture approach of the polyolefine which does not use aromatic hydrocarbon at the time 
of the polymerization using the metallocene catalyst with which fouling was controlled, and its 
catalyst. 
[0013] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly in view of the above- 
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mentioned situation, when Ua^nvention persons contact the specifi^petallocene compound 
. which is poorly soluble to al^latic hydrocarbon with an organomewRc compound into 

aliphatic hydrocarbon The ** which does not use aromatic hydrocarbon by combining the co- 
catalyst with which the metallocene compound was easily solubilized by aliphatic hydrocarbon 
in one step, and was further supported this metallocene compound solution and in the shape of 
particle support, It came to complete a header and this invention for the ability of the 
polymerization of the olefin to be carried out, without following fouling on a still more 
unexpected thing. 

[0014] namely, this invention - 1 the (Component A):following general formula (I) — or (II) - 

(Cp)(Cp*)MXlX2(I) 

(Cp)(Z)MXlX2(II) 

even when inside of formula, Cp, and Cp* is mutually the same — you may differ the sum 
total of an each carbon number - two or less alkyl group — You may permute by the halogen 
atom, the aryl group, or the aryl halide radical. They are a cyclopentadienyl group or an indenyl 
group. Cp and Cp* A carbon atom, The bridge may be constructed by 1-3 atomic groups 
chosen from a silicon atom, a germanium atom, and a tin atom, and Z isRlR2N-, RIO-, or 
R1R2P. - (Rl and R2) it may be mutually the same, or you may differ, and they are the alkyl 

oup of the each carbon numbers 1-2 or an alkylene group, the aryl group of carbon numbers 
6-10, an arylene radical, or a silicon content radical. It expressed, Rl and R2 may combine with 
Cp, and M is titanium, a zirconium, or a hafnium. XI and X2 it may be mutually the same, or 
you may differ, an each hydrogen atom, a halogen atom, an alkoxy group, or an amide group is 
expressed, and at least one of XI and X2 is a halogen atom. The metallocene compound (a) of 
aliphatic hydrocarbon poor solubility shown, aliphatic hydrocarbon (b), and an organometallic 
compound (aluminoxane is removed.) the metallocene compound solution which mixes (c), 
solubilizes a component (a) for a component (b), and is obtained, and the particle support (e) 
which supported the component B:co-catalyst component (d) — since — the becoming 
metallocene catalyst. 

[001 5] 2) A metallocene catalyst given in said 1 by which the bridge is constructed over Cp, 
Cp*, and Cp and Z by 1-3 atomic groups chosen from a carbon atom, a silicon atom, a 
germanium atom, and a tin atom. 

3) A metallocene catalyst given in said 1 or 2 XI and whose X2 are chlorine atoms. 

4) A metallocene catalyst given in either [ whose an organometallic compound (c) is 
_ialkylaluminium / said ] 1 thru/or 3. 

5) Offer the manufacture approach of the polyolefine characterized by carrying out bulk 
polymerization of the olefin to either [ said ] 1 thru/or 4, without using aromatic hydrocarbon 
for the bottom of existence of the metallocene catalyst of a publication. 

[0016] Hereafter, this invention is explained to a detail. The metallocene compound of (a) 

aliphatic hydrocarbon poor solubility used for the component (A) of this invention is expressed 

with the following general formula (I) or (II). 

fCoVCn*)MXlX2m 

(Cp)(Z)MXlX2(II) 

[001 7] Among a formula, the sum total of the carbon number of two or less cyclopentadienyl 
group or an alkylation radical may be two or less indenyl group, and may be [ Cp and Cp* ] 
mutually the same, or Cp and Cp* may differ. [ of the sum total of the carbon number of an 
alkylation radical ] Moreover, Cp and Cp* may have substituents other than an alkylation 
radical, for example, an aryl group, the aryl halide radical, the halogen, etc. additionally. 
Specifically, a methylcyclopentadienyl radical, a dirnethylcyclopentadienyl radical, an 
ethylcyclopentadienyl radical, 2-methyl indenyl group, 4-methyl indenyl group, 2, 4-dimethyl 
indenyl group, a 2-methyl-4-phenyl indenyl group, etc. are mentioned. 
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[0018J Moreover, the brl^ may be constructed over Cp and Cj^tath 1-3 atoms with which 
each is chosen from a carbon atom, a silicon atom, a germaniumatom, and a tin atom. The 
atomic group which forms such bridge formation is expressed with the following formulas. 
[0019] Among a -[Yl (R3R4)] 1[Y2 (R5R6)] m[Y3 (R7R8)] n-type, Yl, Y2, and Y3 express a 
carbon atom, a silicon atom, a germanium atom, or a tin atom, may be respectively the same or 
may differ. Yl , Y2, and Y3 are a carbon atom or a silicon atom preferably. 
[0020] R3, R4, R5, R6, R7, and R8 are the hydrocarbon group of carbon numbers 1-3, t-butyl, 
an aryl group, or a halogen, may be respectively the same or may differ. R3, R4, R5, R6, R7, 
and R8 are the hydrocarbon groups or aryl groups of carbon numbers 1 -3 preferably, n is the 
integer of 1, m,0, or 1-3, and is 1 <=l+m+n<=3. It is 1 <=l+m+n<=2 preferably. 
[0021] As an example of the group which forms these bridge formation, a methylene group, 
ethylene, an isopropylidene radical, a diphenylmethylene radical, a dimethyl silylene radical, a 
diphenyl silylene radical, a dimethylgermirene radical, a dimethyl SUTANIREN radical, etc. 
are raised. Z isRlR2N-, RIO-, and R1R2P-. Rl and R2 in Z are silicon content radicals, such as 
the alkyl group of carbon numbers 1-2 or an alkylene group, the aryl group of carbon numbers 
6-20, an arylene radical or a trimethylsilyl radical, a dimethyl silylene radical, a phenyl 
dimethylsilyl radical, and a diphenyl silylene radical, may be mutually the same or may differ 

ell. Moreover, Rl and R2 may combine with Cp respectively. 
[0022] M is either titanium, a zirconium or a hafnium, is a zirconium or a hafnium preferably, 
and is a zirconium especially preferably. XI and X2 are chosen from a halogen, a hydrogen 
atom, an alkoxy group, and an amide group, and at least one is a halogen or a hydrogen atom 
inside. XI and X2 may be respectively the same, or they may differ. XI and X2 are halogens 
preferably [ both ], and they chlorine especially preferably [ both ]. 

[0023] As a concrete example of (a) metallocene compound of this invention Screw (eta5- 
cyclopentadienyl) zirconium dichloride, screw (eta5-methylcyclopentadienyl) zirconium 
dichloride, Screw (eta5-l, 3-dimethylcyclopentadienyl) zirconium dichloride, Ethylene -1,2- 
screw (eta5-l-indenyl) zirconium dichloride, Dimethyl silylene screw (eta5- 1 -indenyl) 
zirconium dichloride, Ethylene -1, 2-screw [2-methyl-eta5- (1 -indenyl)] zirconium dichloride, 
Dimethyl silylene screw [2-methyl - (eta5-l -indenyl)] zirconium dichloride, Ethylene screw [2- 
methyl-4-phenyl - (eta5-l -indenyl)] zirconium dichloride, Dimethyl silylene screw [2-methyl- 
4-phenyl - (eta5- 1 -indenyl)] zirconium dichloride, Ethylene screw [2-methyl-4-(l-naphthyl)- 
(eta5-l -indenyl)] zirconium dichloride, Dimethyl silylene screw [2-methyl-4-(l-naphthyl)- 
^ta5-l -indenyl)] zirconium dichloride, isopropylidene cyclopentadienyl (eta5-9-fluorenyl 
zirconium dichloride, such mixture, etc. are raised.) 

[0024] In addition, it can be used that neither what transposed the chlorine atom of the above- 
mentioned example compound to other halogen atoms, nor the thing which transposed the 
zirconium to titanium or a hafnium has a limit in any way as a metallocene compound (a). 
[0025] The aliphatic hydrocarbon (b) used in this invention includes the so-called alicyclic 
hydrocarbon. As an example of aliphatic hydrocarbon (b), a propane, n-butane, i-butane, N 
pentane, 2,2-dimethyl propane, 2-methyl pentane, 2, and 2-dimethyl butane, 2, 3-dimethyl 
butane, 2 and 2, 3-trimethyl butane, 2-methyl pentane, 3-methyl pentane, 2, and 2-dimethyl 
pentane, 2, 3-dimethyl pentane, 2, 4-dimethyl pentane, cyclopentene, n-hexane, 2-methyl 
hexane, 3-methyl hexane, a cyclohexane, n-heptane, an octane, Deccan, a dodecane, kerosine, 
paraffin series oil, such mixture, etc. are mentioned. Since removal from a polymer particle is 
easy especially, a with a carbon numbers [, such as n-butane, i-butane, a pentane, n-hexane, and 
a cyclohexane, ] of six or less thing is desirable, and especially n-hexane is desirable. 
[0026] If polyolefine is manufactured with the metallocene catalyst which used aromatic 
hydrocarbon instead of aliphatic hydrocarbon, aromatic hydrocarbon not only remains in the 
polyolefine obtained, but it will become difficult [ control of fouling ]. 



http://www4.iDdl.iDO.eo.io/cpi-bin/tran weh cot f*\i<* 



- x [0027] The organometallic c^fcoun 
it except aluminoxane, an orga^Withi 




As organic aluminum, for example Trimethylaluminum, triethylaluminum, Tree i-butyl 
aluminum, tree n-butyl aluminum, tree n-hexyl aluminum, Trialkylaluminiums, such as tree n- 
octyl aluminum; A diethylaluminium chloride, Dialkyl aluminum halide, such as dibutyl 
aluminum chloride and diethyl aluminum bromide; Ethylaluminium sesquichloride, Aluminum 
sesquihalide, such as dibutyl aluminum sesquichloride; Ethyl aluminum dichloride, The 
alkylaluminum halogenated partially, such as butyl aluminum dichloride and ethyl aluminum 
bromide; A diethyl aluminum hydride, A dibutyl aluminum hydride, an ethyl aluminum 
dihydrido, a propyl aluminum dihydrido, The alkylaluminum hydrogenated partially, such as a 
butyl aluminum dihydrido; the alkylaluminum by which alkoxy ** was carried out partially 
[ diethyl aluminum ethoxide, dibutyl aluminum ethoxide, etc. ] is mentioned. 
[0028] As an organolithium compound, methyl lithium, n-butyl lithium, s-butyl lithium, t-butyl 
lithium, a phenyl lithium, a benzyl lithium, etc. are mentioned. Dimethyl zinc, diethylzinc, etc. 
are mentioned as an organic zinc compound. As an organic magnesium compound, n-butyl 
magnesium chloride, s-butyl magnesium chloride, t-butyl magnesium chloride, A methyl 
magnesium star's picture, an ethyl magnesium star's picture, n-propyl magnesium star's picture, 
propyl magnesium star's picture, a vinyl magnesium star's picture, methyl magnesium iodide, 
butyl ethyl magnesium, etc. are mentioned. 

[0029] An organoaluminium compound and an organolithium compound are [ among these ] 
desirable, and an organoaluminium compound is still more desirable. Since especially the 
solubility to aliphatic hydrocarbon is good also in an organolithium compound, the alkyl 
lithium which has a with a carbon numbers [ of n-butyl lithium, s-butyl lithium, t-butyl lithium, 
etc. ] of four or more hydrocarbon group is desirable. In an organoaluminium compound, the 
organoaluminium compound which has a with a carbon numbers of four or more hydrocarbon 
group is desirable, and the trialkylaluminium which has a with a carbon numbers [, such as tree 
i-butyl aluminum, tree n-butyl aluminum, tree n-hexyl aluminum and tree n-octyl aluminum, ] 
of four or more hydrocarbon group is the most desirable. 

[0030] It is possible for there to be especially no limit in the method of preparation of the 
metal locene compound solution of the component (A) in this invention, and to mix said 
component (a), (b), and (c) by the approach of arbitration. If in charge of mixing, it is usually 
carried out under inert gas ambient atmospheres, such as nitrogen and an argon. 
^03 1] It will be (i) if it explains more concretely. How to add aliphatic hydrocarbon (b) and an 
organometallic compound (c) to a metallocene compound (a) at coincidence, (ii) How to add 
the aliphatic hydrocarbon (b) solution of an organometallic compound (c) to a metallocene 
compound (a), How to add aliphatic hydrocarbon (b) and an organometallic compound (c) to a 
metallocene compound (a) serial, (iii) (iv) How to add an organometallic compound (c) and a 
metallocene compound (a) to aliphatic hydrocarbon (b) at coincidence, (v) The approach and 
(vi) which add a metallocene compound (a) in the aliphatic hydrocarbon (b) solution of an 
organometallic compound (c) It is the approach of adding a metallocene compound (a) and an 
organometallic compound (c) to aliphatic hydrocarbon (b) serial etc. Moreover, it is also 
possible to manufacture under existence of the below-mentioned component (B). 
[0032] Especially a limit does not have such mixed temperature, the range of it is usually -78 
degrees C - 200 degrees C, and the range of it is -30 degrees C - 120 degrees C preferably. 
Moreover, there is especially no limit, and mixing time is also performed until aliphatic 
hydrocarbon is mixed with an organometallic compound and a poorly soluble metallocene 
compound fully dissolves in it. 

[0033] In the metallocene compound solution (component (A)) in this invention, it is usually I 
to 10,000 times the mixing ratio of the organometallic compound (c) to a metallocene 
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compound (a) of this to t^Pransition-metals atom 1 in a metal lo^^ compound, and is it still 
more preferably five to 2,000 times preferably. [ of this ][ 1 0 to 800 times ] 
[0034] Moreover, the concentration of the metallocene compound in a metallocene compound 
solution (component (A)) is usually the range of 10-6-0.09 mols/1., and is the range of 10-5- 
0.01 mols/1. preferably. Although even ten to 6 mol/less than 1. is usable, since a lot of solvents 
are added at the time of a polymerization, a polymerization method may be restricted, or the fall 
of activity and the fall of molecular weight may take place. Moreover, if 1. is exceeded in 0.09 
mols /, it will become difficult to obtain a uniform solution. 

[0035] Next, the (B) component of this invention is explained. When the component (B) used 
by this invention contacts metallocene compounds, such as aluminoxane and an organic boron 
compound, the co-catalyst component (d) which forms a metallocene catalyst is supported on 
particle support (e), such as a silica. A thing well-known as a co-catalyst component and 
particle support can use it that there is no limit in any way. 

[0036] Aluminoxane is raised as an example of a co-catalyst component (d). As aluminoxane, it 
is obtained by the reaction of one kind or two kinds or more of trialkylaluminiums, and water, 
and a well-known thing is usable. Specifically, the methyl aluminoxane obtained from one kind 
of trialkylaluminium, ethyl aluminoxane, butyl aluminoxane, isobutyl aluminoxane, the 

^thylethyl aluminoxane obtained from two kinds of trialkylaluminiums, methylbutyl 
aluminoxane, methyl isobutyl aluminoxane, etc. are mentioned. Moreover, it is also possible to 
use what denaturalized by what mixed these plurality, trimethylaluminum, triethylaluminum, 
triisobutylaluminum, diethyl aluminum chloride, etc. Also in these, methyl aluminoxane, 
isobutyl aluminoxane, and methyl isobutyl aluminoxane are desirable, and methyl aluminoxane 
and especially methyl isobutyl aluminoxane are desirable. 

[0037] There is an organic boron compound as other examples of a co-catalyst component (d). 
If shown more concretely, dimethyl anilinium tetrakis pentafluoro borate, Triphenylcarbenium 
tetrakis pentafluoro borate, triethyl oxonium tetrakis PENTAFURUOROBORATO, The boron 
or the aluminium compound containing non-coordination nature ion, such as tropylium tetrakis 
pentafluoro borate, Nonionic organic boron compounds, such as tris pentafluorophenyl borane, 
tris (3, 4, 5-trifluoro phenyl) borane, tris (2, 3, 5, 6-tetrafluoro phenyl) borane, and tris 
(pentafluoro phenoxy) borane, etc. are mentioned. 

[0038] These co-catalyst components (d) are used in the form supported on particle support (e). 
Control of fouling is difficult when not supporting to particle support. As these particle support, 
— e thing of arbitration is usable. Specifically, organic high molecular compounds, such as 
silicate, such as magnesium silicates, calcium silicate specific silicates, etc., such as metal 
alkoxides, such as metal hydroxides, such as metal halogenides, such as metallic oxides, such 
as a silica, an alumina, a titania, a magnesia, and a zirconia, and a magnesium chloride, an 
aluminum hydroxide, and a magnesium hydroxide, magnesium ethoxide, and magnesium 
methoxide, a carbonate, a sulfate, a nitrate, acetate, a mica, and talc, polyethylene, 
polypropylene, and polystyrene, etc. can use it suitably. Silicate, such as magnesium silicates 
and calcium silicates, such as a silica, an alumina, a mica, and talc, and a specific silicate, is 
[ among these ] desirable. 

[0039] Although there is especially no limit, the range of the mean particle diameter of these 
particle support (e) is usually 0.1-2,000 micrometers, and the range of it is 5-100 micrometers 
still more preferably 1-1,000 micrometers preferably. Moreover, although especially a limit 
does not have specific surface area, either, it is usually the range of 0. 1 -2,000m2/g, and it is 10- 
1 ,500m2/g preferably, and is the range of 1 00- 1 ,000m2/g still more preferably. 
[0040] As a component (B) which is the particle support (e) which supported said co-catalyst 
component (d) The thing, tris (pentafluorophenyl) borane which supported methyl aluminoxane 
on the silica or the alumina, Dimethyl anilinium tetrakis pentafluoro borate, triphenylcarbenium 
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tetrakis pentafluoro borate, >j*|^known things, such as triethyl oxoi^fci tetrakis 
£ PENTAFURUOROBORATOlPl and N-dimethyl anilinium tris (penWuorophenyl) [p-(chloro 
dimethylsilyl) tetrafluoro phenyl] borate, What supported the combinable compound on the 
silica or the alumina chemically to support, such as N and N-dimethyl anilinium tris 
(pentafluorophenyl) (p-trichlorosilyl tetrafluoro phenyl) borate, is illustrated. 
[0041] What supported methyl aluminoxane and tris (pentafluorophenyl) borane on the silica or 
the alumina since it was easy is desirable, the inside of these components (B) — acquisition — 
moreover, from there being little especially fouling and the description of the polymer particle 
obtained being good N and N-dimethyl anilinium tris (pentafluorophenyl) [p-(chloro 
dimethylsilyl) tetrafluoro phenyl] borate, What supported N and N-dimethyl anilinium tris 
(pentafluorophenyl) (p-trichlorosilyl tetrafluoro phenyl) borate etc. on the silica or the alumina 
is desirable. 

[0042] Although attained by contacting these by the approach of arbitration, support of a up to 
[ the particle-like support (e) of said co-catalyst component (d) ] fully needs to remove this 
from the (B) component obtained by solid liquid separation, reduced pressure distilling off, etc., 
when solvents other than aliphatic hydrocarbon are used. 

[0043] Although these contact can be performed at the temperature of arbitration in 

nsideration of the conditions of the organic solvent to be used or others, it is usually carried 
out in -80 degrees C - 300 degrees C. The range where contact temperature is desirable is -50 
degrees C - 200 degrees C, and the still more desirable range is 0 degree C - 1 50 degrees C. 
Moreover, although it is possible for there to be especially no limit in the amount used to the 
particle-like support (e) of said co-catalyst component (d), and to use the amount of arbitration, 
a co-catalyst component (d) is usually the range of the 0.0001 - 1 ,000,000 weight section to the 
particle-like (support d) 1 00 weight section. 

[0044] Next, preparation of the metallocene catalyst of this invention is explained. Preparation 
of the metallocene catalyst of this invention is obtained by contacting said component (A), a 
(metallocene compound solution), and a component (B) (support co-catalyst). A metallocene 
solution and a support co-catalyst may be separately introduced into the reactor which 
especially a limit does not have and performs a polymerization, it may be made to contact 
within a reactor besides contact of a component (A) and a component (B) not using aromatic 
hydrocarbon, and you may prepare, and after making it contact outside a reactor beforehand, it 
may introduce into a reactor and you may prepare. 

^045] When introducing a component (A) and a component (B) into the reactor which 
performs a polymerization separately and making the catalyst for polymerizations prepare 
within a reactor, a component (A) can be introduced into a reactor as it is, and can introduce a 
component (B) as a slurry of remaining as it is or aliphatic hydrocarbon. Although a co-catalyst 
may be added as it is in a metallocene solution when contacting a component (A) and a 
component (B) outside a reactor and preparing the catalyst for polymerizations, you may add as 
a slurry of aliphatic hydrocarbon, such as a hexane and a heptane. 

[0046] Although the temperature is determined as arbitration in consideration of the conditions 
of the aliphatic hydrocarbon to be used or others when contacting a component (A) and a 
component (B) outside a reactor and preparing a polymerization catalyst, it is usually carried 
out in -80 degrees C - 200 degrees C. The range where contact temperature is desirable is -50 
degrees C - 120 degrees C, and the still more desirable range is 0 degree C - 100 degrees C. 
There is especially no limit in the operating rate of a component (A) and a component (B), and 
when the co-catalyst component (d) in a component (B) is aluminoxane, it is usually 1-100,000 
per transition-metals 1 atom in a metallocene compound (a), and by the aluminum atom, in 
order to acquire higher polymerization activity - desirable - 1 0-1 0,000 - further - desirable - 
50-5,000 - it is the range of 1 00-1 ,000 most preferably. 
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[0047] When the co-ca^P>t component (d) in a component (BHn organic boron compound 
the addition is usually 0.01-10,000 per transition-metals 1 atomin said metallocene compound' 
(a), in order to acquire higher polymerization activity - desirable ~ 0.1-1,000 ~ further - 
desirable - 0.3-500 - it is the range of 0.8-100 most preferably. 
[0048] The manufacture approach of the polyolefine of this invention carries out bulk 
polymerization of the olefin of arbitration by the liquid phase in itself to the bottom of existence 
of the metallocene catalyst which consists of the above-mentioned component (A) and a 
component (B). Although bulk polymerization here means carrying out the polymerization of 
the olefin in the state of the liquid phase, little content of the aliphatic hydrocarbon used in 
order to supply the component of the aliphatic hydrocarbon contained for a catalyst, or a 
catalyst and others to a polymerization reactor may be carried out at the liquid phase. 
[0049] Although there is especially no limit in polymerization temperature, it is usually the 
range of -20 degrees C - less than 200 degrees C. It is 0-150 degrees C, the range where 
polymerization temperature is desirable has desirable further 20-95 degrees C, and 45 degrees 
C - its 85 degrees C are especially desirable. 

[0050] The range of the pressure of ordinary pressure -70 kg/cm2 is common, and it can choose 
the suitable range in consideration of the property of the polyolefine which it is going to obtain, 
oductivity, etc. Moreover, at the time of a polymerization, molecular weight can be adjusted ' 
with the means of arbitration, such as installation of hydrogen, and selection of temperature and 
a pressure. 
[0051] 

[Effect of the Invention] According to the metallocene catalyst of this invention, the 
polymerization of the olefin can be carried out, without a polymerization being possible and 
being accompanied by fouling at the time of a polymerization, without using aromatic 
hydrocarbon. 
[0052] 

[Example] Hereafter, although an example and the example of a comparison explain this 
invention to a detail further, this invention is not limited to these. 

[0053] The preparation co-catalyst -1 of a co-catalyst component: 70ml of toluene solutions of 
the methyl aluminoxane (it is 0.35 mols/l. by aluminum atom conversion) manufactured 
according to the well-known approach was added to the slurry which added silica (Devi Fuji 
Son 952 particle size: 130-micrometer, specific-surface-area:270m2/g) 3.0g to silica support 
,-«ethyl aluminoxane toluene 50ml. After agitating at a room temperature for 1 hour, toluene 
was distilled off by reduced pressure. Then, it washed 5 times by the 30ml hexane, and the co- 
catalyst - 1 was obtained. 

[0054] Co-catalyst-2: Manufacture 1-BUROMO of N, silica support object IN of N-dimethyl 
anilinium tris (pentafluorophenyl) (p-trichlorosilyl tetrafluoro phenyl) borate, and N-dimethyl 
anilinium tris (pentafluorophenyl) (p-trichlorosilyl tetrafluoro phenyl) borate - 2, 3, 5, and 6- 
tetrafluoro phenylbenzene 3.85g (1 .86mmoI) was dissolved in diethylether 50ml. Furthermore, 
at -78 degrees C, 10.5ml (1.6 mols/(l.)) of hexane solutions of n-butyl lithium was dropped, and 
it agitated for 30 minutes. The obtained solution was added in 200ml (50 mmol/liter) of hexane 
solutions of tris (pentafluorophenyl) borane, and the product was obtained as a solid-state by 
agitating for 20 minutes at 25 degrees C. The obtained solid-state was washed by the hexane 
after removing a solution layer, and the vacuum drying was performed. After dissolving 1 .66g 
of solid-states obtained above in tetrahydrofuran 10ml and cooling to -78 degrees C, 1 .5ml (1 .6 
mols/(l.)) of hexane solutions of n-butyl lithium was dropped, and it agitated for 45 minutes. It 
added in the solution which dissolved 2.7ml of tetrachlorosilanes in tetrahydrofuran 10ml, and 
this solution was agitated for 15 minutes at 25 degrees C. The tetrahydrofuran was distilled off 
after adding heptane 100ml to this solution. The vacuum drying of the residue which removed 
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v the heptane layer was carried^fc| after washing by the hexane. After^Ming dichloromethane 
50ml furthermore and remov^^insoluble matter, the 1 .65g product was obtained by distilling 
off dichloromethane. After dissolving 1.65g of this product in dichloromethane 30ml, dimethyl 
anilinium chloride 0.3 lg was added and it agitated for 5 minutes at 25 degrees C. N and N- 
dimethyl anilinium tris (pentafluorophenyl) (p-trichlorosilyl tetrafluoro phenyl) borate 1 .7g was 
obtained for dichloromethane by distilling off and carrying out a vacuum drying after removing 
insoluble matter. 

[0055] 2) The solution made to dissolve 0.3g of compounds obtained by said 1 in 
dichloromethane 6ml was added to the slurry which added silica (Devi Fuji Son 952) 0.5g to 
support dichloromethane 30ml to silica support. After making it flow back under churning for 2 
hours, the supernatant was removed, it washed by dichloromethane and the co-catalyst -2 was 
obtained. 

[0056] Co-catalyst-3 : N and N-dimethyl anilinium tris (pentafluorophenyl) 
[p-(chloro dimethylsilyl) tetrafluoro phenyl] In preparation of the silica support object co- 
catalyst -2 of borate, after using dimethyldichlorosilane instead of tetrachlorosilane and 
preparing N and N-dimethyl anilinium tris (pentafluorophenyl) [p-(chloro dimethylsilyl) 
tetrafluoro phenyl] borate, it prepared similarly and the co-catalyst -3 was obtained. 

057] To preparation bis(cyclopentadienyl) zirconium dichloride (Tokyo formation 
incorporated company make) 1 .Omg of an example 1 1 metallocene compound solution, 2ml 
(the Kanto chemistry incorporated company make) of commercial 1.0 mols [/l. ] 
triisobutylaluminum (it is hereafter written as TIBA.) hexane solutions and hexane 3ml were 
added, and the metallocene compound solution was prepared. 

[0058] 2) In order to remove the impurity in 600ml an isobutane and an isobutane to the 
autoclave of 1 .51. of manufactures of polyethylene, in addition, the temperature up was carried 
out to 70 degrees C 0.5ml of 0.2 mols [/I. ] n-BuLi hexane solutions. What added 3 Omg in the 
above-mentioned metallocene compound solution, and agitated the aforementioned co-catalyst 
-1 for 3 minutes in it was pressed fit into the autoclave, subsequently ethylene was pressed fit to 
the pressure of 1 0kg/cm2, the polymerization was performed for 30 minutes at the temperature 
of 70 degrees C, and the polyethylene particle was obtained. Fouling was not seen in the 
autoclave. When the gas chromatography analyzed the volatile component of the obtained 
polyethylene particle, aromatic hydrocarbon, such as toluene, was not detected. 
1*0059] To the slurry which added hexane 3ml to the preparation 1 of an example 21 
metallocene compound solution and 2-screw (eta5-l-indenyl) ethane zirconium dichloride 
(product made from WITCO, Inc.) 1 .Omg, 2ml (the Kanto chemistry incorporated company 
make) of commercial 1.0 mols [/l. ] TIBA hexane solutions was added, and the metallocene 
compound solution was prepared. 

[0060] 2) It carried out like the manufacture example 1 of polyethylene, the polymerization of 
ethylene was performed, and the polyethylene particle was obtained. Fouling was not seen in 
the autoclave. When the gas chromatography analyzed the volatile component of the obtained 
polyethylene particle, aromatic hydrocarbon, such as toluene, was not detected. 
[0061] Hexane 3ml was mixed with 2ml (the Kanto chemistry incorporated company make) of 
commercial 1.0 mols [/l. ] TIBA hexane solutions for example 31 metallocene compound 
solution (metallocene catalyst) preparation 1-and 2-screw (eta5-l-indenyl) ethane hafnium 
dichloride (product made from WITCO) 1 .2mg, and the aforementioned co-catalyst -1 to 30mg, 
and the metallocene compound solution (metallocene catalyst) was prepared. 
[0062] 2) 1 .51. of manufactures of polypropylene In order to remove the impurity in propylene 
8mol and a propylene to an autoclave, in addition, the temperature up was carried out to 50 
degrees C 0.5ml of 0.2 mols [/I. ] n-BuLi hexane solutions. The metallocene catalyst prepared 
by the above 1 was pressed fit into the autoclave, the polymerization was performed for 30 
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nfinutes and the polyp Aene particle was obtained. Fouling^ not seen in the autoclave 
When the gas chromatography analyzed the volatile componentWthe obtained polypropylene < 
particle, aromatic hydrocarbon, such as toluene, was not detected 

T?3nl e ^F le l eXample , 3 ' ^ s ^ rew [2-methyl-4.phenyKeta5-l-indenyl)] dimethylsilane 
zirconium dichlonde prepared according to the well-known approach instead of 1 and 2-screw 

^7 - U K ° hafhlUm dichloride similarly carried out except having used the co- 

catalyst -2 instead of the co-catalyst -1 . Fouling was not seen in the autoclave. When the gas 
chromatography analyzed the volatile component of the obtained polypropylene particle 
aromatic hydrocarbon, such as toluene, was not detected. 

[0064] In example 5 example 3, the 2-methyl -4 and screw [5-benzo (eta5-l-indenyl)l 
dimethylsilane zirconium dichloride which were prepared according to the well-known 
approach instead of 1 and 2-screw (eta5-l-indenyl) ethane hamium dichloride were similarly 
carried out except having used the co-catalyst -2 instead of the co-catalyst -1 . Fouling was not 
seen in the autoclave. When the gas chromatography analyzed the volatile component of the 
°™ polypropylene particle, aromatic hydrocarbon, such as toluene, was not detected. 
10065] In example 6 example 3, the 2-methyl -4 and screw [5-benzo (eta5-l-indenyl)l 
dimethylsilane zirconium dichloride which were prepared according to the well-known 

proach instead of 1 and 2-screw (eta5-l-indenyl) ethane hamium dichloride were similarly 
carried out except having used the co-catalyst -3 instead of the co-catalyst -1. Fouling was not 
seen in the autoclave. When the gas chromatography analyzed the volatile component of the 
m£Ti C a Pp^ropylene P^le, aromatic hydrocarbon, such as toluene, was not detected. 
IUU56J Although preparation of a metallocene compound solution was tried without using 
11HA m example of comparison 1 example 1, the metallocene compound did not dissolve. 
Moreover, polyethylene was not obtained, although the liquid phase of this mixture was 
extracted and polyolefine was manufactured like the example 1 

£°ifn ] -1? CX T!f , t ° f f om P arison 2 exam P le ! > 3ml of hexane solutions of methyl aluminoxane 
(it is 0.35 mols/1. by aluminum atom conversion) was used instead of the co-catalyst -1 and it 
carried out similarly. Fouling was seen in the autoclave. When the gas chromatography 
analyzed the volatile component of the obtained polyethylene particle, aromatic hydrocarbon 
such as toluene, was not detected. 

[0068] lOOmg of bis(cyclopentadienyl) zirconium dichloride was dissolved in tetrahydrofuran 
sml refined with the Na-K alloy as a preparation metallocene compound of an example of 
comparison 31 metallocene compound solution. After 1ml (the Kanto chemistry incorporated 
company make) of ether solution of one mol[/l. ]-methyl lithium was dropped at this solution at 
u de fL ees C :}° the room temperature, the temperature up was carried out and it agitated for 1 
hour. After adding the toluene refined with the Na-K alloy after distilling off a solvent and 
filtering precipitate of a lithium chloride, the obtained filtrate was distilled off and 
dicyclopentadienyl zirconium dimethyl was obtained. Dicyclopentadienyl zirconium dimethyl 
I.2mg obtained above was dissolved in toluene 1ml, 5ml (the Kanto chemistry incorporated 
company make) of commercial 1.0 mols [/I. ] TIBA hexane solutions was added, and the 
solution of a metallocene compound was prepared. 

[0069] 2) It carried out like the example 1 using the metallocene compound solution obtained 
by the manufacture above 1 of polyethylene. Fouling was seen in the autoclave. Toluene was 
detected when the gas chromatography analyzed the volatile component of the obtained 
polyethylene particle. 

[0070] After dissolving preparation dicyclopentadienyl zirconium dichloride 1.2mgofan 
example of comparison 41 metallocene compound solution in 1ml of toluene solutions of 
methyl aluminoxane (it is 0.35 mols/1. by aluminum atom conversion), hexane 6ml was added 
and the solution of a metallocene compound was prepared. 
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[0071] 2) It carried out like tk^xample 1 using the metallocene coi^kund solution obtained 
k by the manufacture above 1 ^Polypropylene. Fouling excessive inlKutoclave was seen. 
Moreover, the obtained polyethylene was massive. Toluene was detected when the gas 
chromatography analyzed a polyethylene lump's obtained volatile component. 
[0072] After preparing a metallocene catalyst using toluene in the manufacture example 3 of 
example of comparison 51 metallocene catalyst, toluene was distilled off over 1 hour by 
reduced pressure. Then, hexane 5ml was added and it considered as the metallocene catalyst. 
[0073] 2) Polypropylene was not obtained although the polymerization of a propylene was tried 
like the manufacture example 3 of polypropylene. 

[0074] If an organometallic compound is not used so that the example 1 of a comparison may 
show, it turns out that a metallocene compound does not dissolve in aliphatic hydrocarbon, such 
as a hexane. Moreover, since the co-catalyst component was not supported in the example 2 of 
a comparison, fouling occurred. Although the example 3 of a comparison is based on the 
approach indicated by JP,7-2918,A, since toluene is used, toluene remains in the polypropylene 
with which fouling occurs and is obtained. Furthermore it is in charge of preparation of a 
metallocene compound solution, and the process of a large number, such as use and its 
purification of an ethers solvent, distilling off and a reaction with alkyl lithium, and removal of 
2 by-product by filtration, is needed, on the other hand, in this invention, it sees in an example 
— as — acquisition — it is possible to attain the purpose by using the aliphatic hydrocarbon 
solution of a commercial metallocene compound and a commercial organometallic compound 
as it is in an easy metallocene compound, especially examples 1, 2, and 3. Although the 
example 4 of a comparison is the approach indicated by JP,8-245714,A, since toluene and the 
methyl aluminoxane of a solution are used, remarkable fouling occurs and it turns out that it 
becomes massive [ the polyethylene obtained ]. Moreover, toluene will remain in the obtained 
polyethylene. Although it was transposing to aliphatic hydrocarbon in the example 5 of a 
comparison after manufacturing a metallocene catalyst using aromatic hydrocarbon, the 
metallocene catalyst deteriorated in the process which removes aromatic hydrocarbon, and 
polymerization activity was hardly seen. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart Fig. of metallocene catalyst preparation for polyolefine manufacture of this 
invention. 
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DRAWINGS 

Drawing J] 
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